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Specification 

1. Title of the Invention: AC/DC ARC WELDING POWER SUPPLY 

2. Scope of Patent Claims 

1 . An AC/DC arc welding power supply equipped with: 

a direct current power supply; 

an inverter circuit that converts the output of said direct current power supply into a high 
frequency alternating current with a constant frequency; 

a transformer having a center tap on the secondary winding that converts the output of said 

inverter circuit into a voltage that is suitable for welding, and; 

a frequency decreasing circuit comprised of: 

2 reactors with: (A) 1 st and 2 nd switching elements that are connected to one another with 
opposite polarities on one of the secondary terminals of said transformer and (B) 3 rd and 
4 switching elements that are connected to one another with opposite polarities on the 
other secondary terminal of said transformer, with one of the terminals connected in 
series and the other terminal commonly connected to the common connection point of 
said 1 st through 4 th switching elements and the 3 rd and 4 th switching elements, in which 
the other ends are commonly connected to said 1 st and 2 nd switching element having the 
same polarity; 

said reactors having (a) a common iron core, and (b) winding wires with 
polarities that generate magnetic flux of the same direction at said iron core due 
to the closing of each of the switching elements that are connected in series, and; 
a control circuit that controls the opening and closing of said 1 st through 4 th switching 
elements with prescribed orders and phases; 
wherein output for welding is obtained from the common connection points of the center tap of said 
transformer and said 2 reactors. 

2. An AC/DC arc welding power supply according to Claim 1, wherein said frequency decreasing circuit is 
a circuit having flywheel circuits that discharge as welding output the energy accumulated in each reactor 
when each reactor is not excited. 

3. Detailed Description of the Invention 
Industrial Field of Application 

The present invention relates to a power supply for arc welding. In particular, the present invention 
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proposes a versatile power supply with which arbitrary frequencies ranging from high frequencies to direct 
currents can be obtained as output currents, and can electronically change the polarity of output freely at 
the time of direct current output. 

Prior Art 
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As power supplies for arc welding, a power supply that generates an alternating current of an arbitrary 
frequency with a frequency decreasing circuit after changing a direct current power supply into an 
alternating current with an inverter has conventionally been used as a type of device for arbitrarily 
obtaining frequencies ranging from high frequencies to direct currents. 
(Japanese Unexamined Patent Application Publication S52-84142) 

Figure 5 is an electrical schematic diagram showing an example of this type of conventional device. In this 
diagram, 1 is an alternating current power supply, and an ordinary three-phase power supply for 
commercial use is used for this power supply. 2 is a rectifying circuit that obtains direct current power by 
rectifying alternating current power supply 1. 3 is an inverter circuit that converts the output of rectifying 
circuit 2 into a high frequency alternating current, and it outputs a high frequency alternating current with a 
constant frequency using a drive signal from inverter control circuit 4. 5 is a transformer, and it is equipped 
with a center tap on the secondary winding. 6a through 6d are switching elements - thyristors, for example 
- that constitute a frequency decreasing circuit. 7 is a reactor, 8 is an electrode, and 9 is the object to be 
welded. 10 is an output current detector, 1 1 is an output current setpoint signal source, and 12 is a polarity 
switching signal source. 13 is a comparator, and 14 is a driver circuit for the purpose of controlling the 
opening and closing of thyristors 6a through 6d. In the device in this diagram, a current with a polarity that 
makes electrode 8 positive flows through the device when thyristors 6b and 6c are simultaneously closed, 
and a current with a polarity such that the object to be welded 9 becomes positive flows through the system 
during the period in which thyristors 6a and 6d are closed. Therefore, the combinations of thyristors to be 
closed should be determined according to the output ep of polarity switching signal source 12. For 
example, thyristors 6a and 6d should be closed during the period in which ep is negative, and thyristors 6b 
and 6c should be closed during the period in which ep is positive. Furthermore, in order to hold the output 
current at a prescribed value in the example of this diagram, the absolute value ef of the output current is 
detected with current detector 10. This is then compared to the output signal er of output current setpoint 
signal source 1 1 by comparator 13, and the difference signal is supplied to driver circuit 14. In driver 
circuit 14, thyristors 6a through 6d are closed in phases corresponding to the synchronized signal from 
inverter control circuit 4 and the input signal from comparator 13. As a result, the output current is 
regulated to a current with the polarity determined by polarity switching signal source 12 and the value 
determined by output current setpoint signal source 1 1, and it is arbitrarily obtained from a high frequency 
corresponding to the output frequency of inverter circuit 3 to a direct current with a positive or negative 
polarity. 

Problems to be Solved by the Invention 

Because the conventional device described above has reactor 7 in the output circuit, when the polarity of 
the output current is changed from positive to negative or from negative to positive, the current does not 
immediately become zero, even if the firing signals of the thyristors are blocked, but instead becomes zero 
after a time delay corresponding to the power factor of the circuit. Therefore, when the output current is 
switched from positive to negative or from negative to positive, it becomes necessary to establish a pause 
that is equivalent to this delay time. Moreover, in order to establish polarity in the opposite direction after 
this pause, the start of output current is also delayed due to reactor 7, even if the thyristors are fired. As a 
result, a period of low power inevitably occurs before, and after the polarity is switched, causing the 
interruption of the welding arc. The arc is thus broken, making it impossible to perform smooth welding. In 
order to prevent such a phenomenon, it is necessary to make the inductance of reactor 7 small, but the 
necessary inductance of this reactor 7 is determined from the arc welding safety at the time of direct current 
output, so it is not possible to reduce or curtail the inductance without limit. 

Means for Solving the Problems 

The present invention solved the problems of the conventional device described above by establishing a 
structure in which the reactor is divided into 2 pieces, each reactor having winding wire that is coiled 
around a common iron core. Moreover, the output terminal sides of the thyristors of the conventional 
device described above are divided and connected such that each winding wire is connected in series with 
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the thyristors that respectively output current with positive and negative polarity. Furthermore, the winding 
direction of each of the winding wires is determined by the polarity in which magnetic flux of the same 
direction is generated at the iron core due to the closing of the thyristors that are each connected in series. 

Embodiments 

Figure 1 is an electrical schematic diagram showing an embodiment of the present invention. This 
embodiment differs from the conventional device shown in Figure 5 in that the reactor is divided into 2 
pieces 15a and 15b, and that, as shown in the figure, the connections of the thyristors and the reactors are 
divided for each output current polarity. The same symbols are used for other components that have the 
same functions as in the conventional device. These thyristors 15a and 15b consist of coils that are wound 
around a common iron core. [Continued on the next page] 
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[Continued from the previous page] Furthermore, as shown by the marks in the diagram, the winding 
direction of each of the winding wires is determined by the polarity in which magnetic flux of the same 
direction is generated at the iron core when thyristors 6a through 6d of each series are closed. 

The operation of the embodiment in this diagram will be explained using the waveform chart of Figure 2. 
The overall operation is approximately the same as that of the device in Figure 5, so the operation at the 
time of polarity switching will be explained. In Figure 2, (a) shows the output voltage waveform and (b) 
shows the output current waveform of transformer 5. When thyristors 6b and 6c are alternately closed with 
delay angle in Figure 1, the output voltage of transformer 5 is full-wave rectified and a current with a 
polarity such that electrode 8 becomes positive and polarized current flows through the device. At this time 
the anodes are commonly connected to thyristor 6b and thyristor 6c and connected to reactor 15b, so the 
output current is smoothed by reactor 15b to form an approximately smooth direct current +Io. When 
thyristor 6a is fired next instead of thyristor 6c at time Tl, the remaining electromagnetic energy of reactor 
15b, wjiich had accumulated electromagnetic energy to the firing of thyristor 6c until then, completely 
moves to reactor 15a, which shares the iron core, due to magnetic coupling. Therefore, a current having a 
value equal to that of the current that had flowed into reactor 15b immediately before it begins to flow into 
reactor 15a, and the output current becomes the current -Io with the same absolute value but with opposite 
polarity. Accordingly, there is absolutely no need to delay the firing of thyristors in the opposite direction 
and establish a pause at the time of polarity switching, and an ideal output current waveform in which the 
polarity changes can be obtained sharply. Conversely, when the state in which thyristors 6a and 6d are 
alternately fired is switched to the state in which thyristors 6b and 6c are fired, the current that had flowed 
immediately before switching is completely transferred from reactor 15a to reactor 15b due to magnetic 
coupling, and as described above, sharp output current switching is thus performed. 

In order to simplify the understanding of Figure 2, the case in which the output voltage waveform of 
transformer 5 that receives the output of inverter circuit 3 is a sinusoidal was explained, but the device 
operates in the same manner in the case which this output voltage waveform is a square wave as well. 

The embodiment of Figure 1 operates as described above, so there is absolutely no need to establish a pause 
at the time of polarity switching. Therefore, by arbitrarily configuring the output of polarity switching 
signal source 12, it is possible to obtain output currents with various frequencies ranging from high 
frequencies corresponding to the output frequencies of inverter circuit 3 to direct currents. Furthermore, by 
temporally changing the output of output current setpoint signal source 1 1, it is possible to obtain output 
with arbitrary waveforms. Figure 3 is a line diagram showing an example of the output waveform obtained 
by the power supply of the present invention. In this diagram, (a) shows the output waveform of inverter 
circuit 3 over time, (b) shows the output signal of polarity switching signal source 12 over time, (c) shows 
the output signal of output current setpoint signal source 1 1 over time, and (d) shows the output current 
overtime. 

In the embodiment shown in Figure 1, the phase of the current lags behind the phase of the voltage due to 
the inductance of the output circuit, but during the period from the point in time in which the output voltage 
of transformer 5 reduces and becomes lower than the welding voltage until the thyristors of the opposite 
direction are fired, the output current is sustained due to the electromagnetic energy that had accumulated 
in reactor 1 5a or 1 5b. However, during this period, the electromagnetic energy is discharged after passing 
through the circuit of electrode 8, the object to be welded 9, transformer 5, thyristors 6a through 6d, and 
reactor 15a or 15b, so a portion of the energy is regenerated on the power supply side. The utilization 
efficiency of the output of inverter 3 is therefore net very good. Consequently, in order to deliver all of the 
energy accumulated in the reactors to the welding part, an electrical schematic diagram of an embodiment 
in which the regeneration of power from the reactors to the power supply side is eliminated by establishing 
flywheel circuits between the connection points of each reactor and thyristor and the center tap of 
transformer 5 is shown in Figure 4. In Figure 4, the same symbols are used for components that have the 
same functions as in the embodiment of Figure 1. Moreover, 10a and 10b are output current detectors for 
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the purpose of separately detecting currents with positive and negative polarity, respectively, and 1 la and 
1 lb are output current setpoint signal sources for the purpose of configuring output currents with positive 
and negative polarity, respectively. 13a and 13b are comparators that obtain difference signals by 
comparing the output from output current detectors 10a and 10b and the output of output current setpoint 
signal sources 1 la and lib. [Continued on the next page] 
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[Continued from the previous page] Moreover, 14a and 14b are driver circuits for the purpose of firing 
thyristors 6a and 6d or 6c and 6b using each output signal from comparators 13a and 13b, polarity 
switching signal source 12, and inverter control circuit 4 as input. In each of these, 1 set of the components 
shown in the embodiment of Figure 1 are established for the each of the positive and negative polarities. 
Furthermore, 16a and 16b are flywheel circuits that are connected between each of the connection points of 
reactors 15a and 15b and thyristors 6a through 6d and the center tap of transformer 5, and the case of this 
figure shows diodes connected with the polarities shown. In the embodiment of Figure 4, the 
electromagnetic energy accumulated in reactors 15a and 15b is discharged to a load comprised of electrode 
8 and the object to be welded 9 after passing through the diode of flywheel circuit 16a or 16b during the 
period untiLthe output voltage of transformer 5 decreases and then the thyristors of the opposite direction 
fire, so it is extremely efficient. Furthermore, in the embodiment of this figure, current in the positive 
direction and current in the opposite direction are separately detected and compared to the preset values, so 
it becomes possible to individually configure the values of current with both positive and negative 
polarities, and more highly detailed control becomes possible. Moreover, instead of using diodes as shown 
in the figure, flywheel circuits 16a and 16b may use switching elements having rectifying effects such as 
transistors or thyristors. In this case, it is possible to control the flywheel circuits such that they are 
effective only when they are necessary, so even more delicate control becomes possible. Furthermore, in 
the embodiment shown in Figure 1, it is also possible to establish 2 systems - 1 positive and 1 negative - 
for output current detector 10, output current setpoint signal source 1 1, comparator 13, and driver circuit 
14, and form a circuit in which flywheel circuits 16a and 16b are omitted from the embodiment of Figure 4. 
Moreover, each embodiment can be easily implemented by using other switching elements having 
rectifying functionality instead of the simple thyristors shown in the figures - for example, by simply 
modifying the driver circuit into a circuit that is suitable for transistors. 

Effect of the Invention 

The present invention operates as described above, so it is possible to arbitrarily set the output frequency to 
values ranging from high frequencies, which are the operating frequencies of the inverter circuit, to 
extremely low frequencies of approximately 1 cycle per several seconds, and also to positive and negative 
direct current output. Furthermore, because it is possible to freely change these during welding, it is 
possible to obtain a welding power supply that can be applied to the welding of materials that are difficult 
to weld or high grade parts for which high welding quality is required. 

4. Brief Description of the Drawings 

Figure 1 is an electrical schematic diagram showing an embodiment of the present invention. Figures 2 (a) 
and (b) are line diagrams for the purpose of explaining the operation of the embodiment of Figure 1. 
Figures 3 (a) through (d) are electrical schematic diagrams showing an example of the output waveforms of 
each part in the embodiment of Figure 1. Figure 4 is an electrical schematic diagram showing another 
embodiment. Figure 5 is an electrical schematic diagram showing an example of a conventional device. 

2. . . rectifying circuit 

3... inverter circuit 

4. . . inverter control circuit 

5... transformer 

6a - 6d. . . thyristors 

8... electrode 

9. . . object to be welded 

10, 10a, 10b. . . output current detectors 

11, 11a, lib... output current setpoint signal sources 
12. . . polarity switching signal source 

13, 13a, 13b... comparators 

14, 14a, 14b... driver circuits 
1 5a, 15b... reactors 

Representative Patent Attorney Hiroshi Nakai 
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Amendment (Formality) 
Februarys, 1986 

Director General of the Patent Office - (Approved) 

1. Case Indication 

Showa 60 (1985) Patent Application Number 246796 

2. Title of the Invention 

AC/DC ARC WELDING POWER SUPPLY 

3. Amended by: 

Relationship to Case Patent Applicant 

(026) Daihen Corporation 

2-1-11 Tagawa Yodogawa-ku, Osaka-shi [stamp: 

2.7.1986 
Noyama] 

4. Representative 

Name (8295) Patent Attorney Hiroshi Nakai (Patent Attorney Hiroshi Nakai) [seal] 

(Contact Information: TEL (06) 301-12 12) 
Address Daihen Corporation 

2-1-11 Tagawa Yodogawa-ku, Osaka-shi, 532 

5. Date of Order for Amendment January 28, 1986 (Mailing Date) 

6. Object of Amendment "Brief Description of the Drawings" section of the Specification 

7. Contents of the Amendment The "Brief Description of the Drawings" section of the Specification 

will be corrected as per the enclosure. 

4. Brief Description of the Drawings 

Figure 1 is an electrical schematic diagram showing an embodiment of the present invention. Figure 2 is a 
line diagram for the purpose of explaining the operation of the embodiment of Figure 1. Figures 3 (a) 
through (d) are electrical schematic diagrams showing an example of output waveforms of each part in the 
embodiment of Figure 1 . Figure 4 is an electrical schematic diagram showing another embodiment. Figure 
5 is an electrical schematic diagram showing an example of a conventional device. 

2. rectifying circuit 

3... inverter circuit 

4. inverter control circuit 

5... transformer ' , " 

6a - 6d... thyristors .* 

8... electrode 

9 ... object to be welded 

10, 10a, 10b... output current detectors 

1 1 j 1 la, lib... output current setpoint signal sources 

12 ... polarity switching signal source 

13, 13a, 13b... comparators 

14, 14a, 14b... driver circuits 
15a, 15b... reactors 
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